The number of Malpighian tubules in larvae and adults of bees is variable. Larvae of Apis mellifera L. have four Malpighian tubules, while adults have 100 tubules. In stingless bees, this number varies from four to eight. The objectives of this study were to provide characteristics of the Malpighian tubules as well as to quantify their number in larvae and adults of six species of Meliponinae, Melipona seminigra merrillae Cockerell, Melipona compressipes manaosensis Schwarz, Melipona rufiventris Lepeletier, Scaptotrigona Moure, Frieseomelitta Ihering, and Trigona williana Friese. Malpighian tubules were dissected from larvae and adults, measured, quantified, and maintained in microtubes with Dietrich's solution. The numbers of Malpighian tubules were constant only for larvae of M. rufiventris (four and eight) and Scaptotrigona sp. (four). The most frequent number of tubules in the Melipona group was seven and eight in larvae, and 70 and 90 in adults. In the Trigona group were four and 20 to 40, for larvae and adults, respectively. The results showed differences in the number of Malpighian tubules among the species analyzed and also between the larvae and adults of the same species. Despite the variation observed, species of the group Melipona always have a larger number and longer Malpighian tubules in both larvae and adults as compared to the Trigona group, which may indicate an evolutionary trend of differentiation between these groups.
Introduction
The excretory system of insects consists of a group of tubules that originates as folds in the anterior end of the embryonic hindgut and is so called Malpighian tubules (Borror & De Long 1969 , Borror et al 2005 . Distally, the Malpighian tubules end in a blind extremity, and they are free in the abdominal cavity; proximally, they open into the pyloric region of the hindgut. Snodgrass (1956) reported 100 Malpighian tubules in adults of Apis mellifera L., describing them as long structures, folded towards to the gut in the abdominal cavity, while the larvae have four long, thin tubules extending to the anterior region of the midgut.
Cruz-Landim et al (1969) found that the number of Malpighian tubules in adult workers of different bee species is quite variable (from 19 to 54) and concluded that there is no relationship between the number of tubules in the adults and larvae of the studied species. But their study indicated that the basic number of Malpighian tubules for larvae varied from four to eight, except for Melipona nigra nigra Lepeletier, which had 12 tubules.
Seven species of Melipona were also studied by in an attempt to relate the length of the Malpighian tubules to the species weight and the original environment, studying species from dry, semi-humid, and humid environments. They reported that the lengths of the Malpighian tubules of bees from dry environments differ from those from semi-humid and humid environments, compared the development of the rectal pads, which are responsible for the absorption of the water available in the rectum, and demonstrated that these structures are smaller in bees that inhabit semi-humid environments when compared to bees from humid environments.
Malpighian tubules are morphologically different depending on the bee life stage; in the pupal stage, the Malpighian tubules of larvae are substituted by new adult tubules. Larvae of Melipona quadrifasciata anthidioides Lepeletier have eight long Malpighian tubules that degenerate in the pre-pupae stage; their nuclei become irregular, and the cells are reabsorbed (Silva-de-Moraes & Cruz-Landim 1976) . During metamorphosis, new structures are built to replace the older ones. In young adults, the nuclei are located in the cell's apical region and are larger in size, but they change progressively during development (Silva-de-Moraes & Cruz-Landim 1976) . Cruz-Landim (2000) stated that in the last larval stage (pre-defecating larvae) of M. quadrifasciata anthidioides, the Malpighian tubules are very long, and the length of the tubules results in their extension to the whole body of the insect. Therefore, even though Malpighian tubules in bees are highly variable in number and size among species and life stages, few studies have been done on this subject, and the causes of this variability are still unknown.
Studies on Malpighian tubules from Amazonian native bees are scarce, and perhaps they can bring insights to improve bee taxonomy and increase knowledge on bee evolution. Because of this, the objectives of this study were to determine the number and to morphologically characterize the Malpighian tubules of six species of Meliponina: Melipona seminigra merrillae Cockerell, Melipona compressipes manaosensis Schwarz, Melipona rufiventris Lepeletier, Scaptotrigona Moure, Frieseomelitta Ihering, and Trigona williana Friese.
Material and Methods
Larvae and adults were collected in colonies installed in standard vertical hives at the "Instituto Nacional de Pesquisas da Amazônia (INPA)" and the "Universidade Federal do Amazonas" (UFAM) for more than five years. Sixty adult workers from each species were collected at the entrance of the colonies with an entomological net. They were placed in an ethyl acetate chamber and were later dissected in a Petri dish. The Malpighian tubules were extracted, using microsurgical scissors, and placed onto a histological slide in order to count them and to measure their length. Sixty last instars were removed from the brood cells from each species colony, and their Malpighian tubules were handled using the same procedure described above for the adults. After analysis, the Malpighian tubules were placed in vials containing Dietrich fixative solution (17 mL 96% ethanol, 6 mL 40% formaldehyde, 2 mL glacial acetic acid, and 28 mL distilled water). The vials were labeled and stored in the "Laboratório de Genética de Abelhas" (LGA/GPA/INPA).
Results
In general, Malpighian tubules from larvae were always shorter than those from adults, and in Trigona species, the tubules (in larvae and adults) were always shorter than in Melipona species (Table 1) .
The Malpighian tubules in the larvae of M. seminigra merrillae are long and cylindrical and yellow colored and extend themselves from the hindgut region through the entire larval body. This species has five to 11 tubules in the larval stage, with eight tubules being the most represented (35% of the specimens analyzed). The total length of the tubules varied from 4.1 to 6.5 mm ( Table 1 ). The tubules of the adult workers are thin strings, white, opaque, numerous, and folded like a ball of yarn. Their numbers ranged from 73 to 94, with 90 being the most common, occurring in 16.7% of specimens observed. Tubules ended next to the transition between the mid-and the hindgut. The total length of the tubules varied from 2.5 to 3.4 mm ( Table 1) .
The Malpighian tubules of the larvae of M. compressipes manaosensis are rounded and yellowish. Tubules are connected through short trunks formed by the fusion of more than one tubule. They extend to the anterior region of the larval body and are also folded around the midgut among the fat body. The number of tubules in the larvae of this species varied from four to 13, and the majority of the individuals carried seven tubules (26.7%); the total length of the tubules ranged from 5.0 to 9.0 mm. The adults have between 35 and 93 tubules; the majority of individuals (16.7%) have 70 white, opaque tubules. The tubules ranged from 3.0 to 3.5 mm in length.
In the larvae of M. rufiventris, the Malpighian tubules are long and greenish colored. The number of tubules varied from four to eight; the majority of individuals (71.7%) had eight tubules; the tubule length varied from 4.4 to 6.9 mm. In the adults, the tubules are very thin, white colored, and tightly arranged like a ball of yarn. In this stage, the number of tubules ranges from 60 to 84, and the majority of individuals (20%) had 70, varying from 2.5 to 3.5 mm in their length. The numbers of Malpighian tubules were constant only for larvae of M. rufiventris (four and eight).
In larvae of Scaptotrigona sp., the Malpighian tubules are completely free in the body cavity. This species was the only one with the same number of tubules (four) in all larvae studied, and the total length varied from 3.7 to 5.6 mm. The white-colored Malpighian tubules in the adult are arranged like a ball of yarn. They are fragile to manipulation. The number of tubules varied from 18 to 25; the majority of individuals (38.3%) had 20. Their length was 2.5 mm; in only three samples, the tubules measured 2.6 mm.
The Malpighian tubules in larvae of Frieseomelitta sp. were the most fragile. They were long, thin, curved, green colored, and loosen in the larval body cavity. The number varied from three to five, and the majority of individuals (61.7%) had four; the length varied from 3.7 to 5.0 mm. The adult has short and slightly sinuous tubules that vary in number from 16 to 23, and the majority of specimens (18.3%) had 20; the tubule length ranged between 1.2 and 2.7 mm.
In adults of T. williana, the Malpighian tubules are long, thin, arranged like a ball of yarn, and yellowish colored, ranging between 2.5 and 3.0 mm in length. The number of the Malpighian tubules varied from 35 to 45; most of the specimens (30%) had 40. No larvae were available for a comparative description to the adult.
Discussion
There are few studies on the morphology of Malpighian tubules in stingless bees to improve our understanding on the possible relationships between the life stages. In the six species studied, a large amount of variation occurred in the number and length of Malpighian tubules of both larvae and adults. The number of tubules found in larvae varied between four and 13, contradicting the reports that the basic number of Malpighian tubules for stingless bee larvae is eight, with the exception of the 12 tubules reported for M. nigra nigra (CruzLandim et al 1969) . However, we also found eight to be the most frequent number of Malpighian tubules in the species of Melipona, with a range from four to 13. Differences between our data and those reported by Cruz-Landim et al (1969) might be explained by our a larger sample size or alternatively due to particular differences in the biology of the species studied, despite the fact that they all belong to the same genus. Serrão & Cruz-Landim (2000) stated that the variations in the digestive tracts of insects might be associated with different diets, life stages or physiological states during development, and influence of diet over the development of various organs, such as the ovary, as reported by Lisboa et al (2005) .
Cruz-Landim et al (1969, 1970) found 64 Malpighian tubules in adult workers of M. seminigra merrillae, while 56 tubules were found in M. rufiventris. These species were analyzed in the present study, and we found a variation in the number of tubules from 53 to 94 in M. seminigra merrillae and 60 to 84 in M. rufiventris. The specimens analyzed here were collected from the same colonies or from daughter colonies, obtained by multiplication of the original colony, and even so, they maintained a high percentage of equality in the number of tubules. The period in which the specimens are collected, as well as the diet or availability of food in nature, can affect the morphology of the insects and can work as a source of variation. Such morphology variations can reflect different sampling origins on a study by , as both M. seminigra and M. rufiventris showed wide geographic distribution in Brazil (Silveira et al 2002) .
In general, the Malpighian tubules of the larvae of M. seminigra merrillae and M. rufiventris were always longer than those of adults, though less numerous, which may compensate for their reduced number. The number, length, and morphology of the Malpighian tubules varied in larvae and adults within and among species of Amazonian Meliponini studied here. Despite the variation in number of the Malpighian tubules, we observed that the species of the Melipona group always have a larger number and longer Malpighian tubules both in the larvae and in adults as compared to the Trigona group, which may indicate an evolutionary trend of differentiation between these groups. Future investigations should involve cytogenetic and molecular analyses in order to elucidate the evolutionary history within such group.
